Motivation: Detecting protein domains sharing no similarity to known domains, as stored in domain
Introduction

9
The annotation of a protein sequence is very often the first step of many bioinformatics analyses, for 10 instance for studying the function of a gene or the evolution of organisms. Protein domain annotation 11 dominates analyses, describing a protein as a list of blocks corresponding to evolutionary and functional 12 conserved segments. Protein domain families have been extensively compiled through sequence or 13 structure similarity searches and stored in several public databases. These domain databases represent HCA toolkit (HCAtk), and its associated python API pyHCA. The package is easily installable and 23 extend our previous developed tools making use of the Hydrophobic Cluster Analysis (HCA) of protein 24 sequences [6, 8-10, 12, 24] , with new functionalities. The HCA methodology, based on a two-dimensional 25 representation of protein sequences, highlights clusters of hydrophobic amino acids making up globular 26 domains. More on the HCA methodology can be found in the supplementary materials.
27
Methods
28
Seg-HCA [10] was developed to automatically delineate potential "foldable" domains within protein 29 sequences and is the core part of our package. Recently, Piovesan et al. [21] implemented an in-house 30 version of Seg-HCA in FELLS, which allows to nicely visualize different properties of a protein sequence.
31
Our new version of Seg-HCA was rewritten for speed and a score is now computed, describing the general 32 composition in hydrophobic clusters of the delineated foldable domains. This score is compared to an 33 empirical distribution computed over 734 disordered protein sequences from DisProt v7 [20] to produce 34 a p-value. Figure 1A shows the distributions of scores computed using non redundant sequences of 35 the Protein Data Bank for the set of globular domains and the set of DisProt protein sequences. The 36 resulting p-value can thus be used to evaluate the likelihood of the delineated domains to fold into 37 globular structures. Interestingly, some Seg-HCA domains are reported with a high p-value. A closer 38 inspection revealed these sequences as partially disordered and undergoing possible folding upon binding.
39
A detailed description of scores with some examples is provided in the supplementary material.
41
The second methodology included in the package is our TREMOLO-HCA software (Traveling through Figure 1 : HCA score and HCA plot example. Panel A, left, shows the normalized HCA score distribution calculated for protein sequences from DisProt v7 (left, orange -disordered sequences) and from PDB (right, violet -globular domains). The HCA p-value assessing the globularity of delineated foldable segment, is computed using the empirical distribution from DisProt sequences. Panel B, right, shows the HCA plots of three BRCT domains from the Pfam family (PF00533). The aligned protein sequences were used as an input and conserved amino acids can be visualized in red (highly conserved) and yellow, in the context of hydrophobic clusters (HC), in order to evaluate the secondary structure conservation, relatively to the HC shapes. and the newly delineated domains in an evolutionary context by using the NCBI taxonomic database.
64
The tree is automatically built by fetching the taxonomic id of the Uniprot target sequences found 65 by TREMOLO thanks to the ete3 python package. The Seg-HCA domains of TREMOLO can then 66 be analyzed in the context of their protein domain arrangement and visualized in terms of taxonomic 67 specificity and domain association (Fig. S1 ). The HCA toolkit is written in python3 and is provided 68 under the CeCILL-C license agreement. The functions associated with the HCA analyses in the toolkit 69 can also be directly used through a python API and as such can easily be used in other software.
70
Funding
71
This work has been supported by the Agence Nationale de la Recherche (grant number ANR-14-CE10- originates from the use of a two-dimensional alpha-helical net, connecting hydrophobic amino acids 81 separated by up to three non-hydrophobic amino acids (or a proline) [12] . Hydrophobic clusters de-82 fined in this way (with this hydrophobic alphabet and the connectivity distance associated with the 83 α-helix) have been shown to match at best regular secondary structures (α-helices and β-strands) and 84 to constitute hallmarks of folded domains [8, 30] . Sequence segments delineated by Seg-HCA, which 85 
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103
HCA score
104
The HCA score, used to compute a p-value associated with each HCA domain, is defined as follow. Each 105 residue of an HCA segment is associated with a class regarding the residue type and hydrophobicity. Such 106 a residue is either in an hydrophobic cluster and hydrophobic, in an hydrophobic cluster and hydrophilic, 107 or outside an hydrophobic cluster. A value is attributed to each class and the HCA score is computed as p27Kip1 controls eukaryotic cell division through interactions with cyclin-dependent kinases [22] and is 135 known as a flexible protein [13] , whose stability is associated with phosphorylation. The C-terminal region 136 of p27 has a high flexibility, which provides the molecular basis for the sequential signal transduction 137 conduit that regulates its own degradation and cell division [3, 13] ). 
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183
Figures S9 to S10 are two examples of PDB sequence HCA plots with low HCA scores. Fig. S9 corresponds   184 to the N-terminal domain (amino acids 50 to 174) of the nucleoprotein from human SARS coronavirus 185 (Uniprot protein P59595, PDB entry 2OFZ [16] ). This nucleoprotein has RNA binding activity, packaging 186 the positive strand of the human SARS coronavirus RNA genome into a helical ribonucleocapsid [27] .
187
The RNA binding activity is mediated by the region encompassing amino acids 45 to 181, such binding (SasG) (Uniprot Q2G2B2 sequence, PDB entry 5DBL). The full-length protein is made of 19 domains.
199
The sequence starts with a signal peptide motif, followed by pairs of G5 domain/E domain (Pfam key factor for the cooperative folding multidomain protein [14] . Once folded, the two domains form an 207 elongated structure, made of small beta strands which correspond on the HCA plot to small clusters.
208
The small β-strands form triplets-stranded β-sheets connected by collagen-like triple helical regions. In 209 this particular case, several threonine are found included in β-beta strand. 210 
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